Universal chemical gradient platforms using poly(methyl methacrylate) based on the biotin-streptavidin interaction for biological applications.
This article describes a simple method for the construction of a universal surface chemical gradient platform based on the biotin-streptavidin model. In this approach, surface chemical gradients were prepared in poly(methyl methacrylate) (PMMA), a biocompatible polymer, by a controlled hydrolysis procedure. The physicochemical properties of the resulting modified surfaces were extensively characterized. Chemical analysis carried out via time-of-flight secondary ion mass spectrometry (ToF-SIMS) and X-ray photoelectron spectroscopy (XPS) showed the formation of a smooth, highly controllable carboxylic acid gradient of increasing concentration along the sample surface. Atomic force microscopy (AFM) and contact angle (CA) results indicate that, in contrast with most of the chemical gradient methods published in the literature, the chemical modification of the polymer surface barely affects its physical properties. The introduction of carboxylic acid functionality along the surface was then used for biomolecule anchoring. For this purpose, the surface was activated and derivatized first with biotin and finally with streptavidin (SAV) in a directed orientation fashion. The SAV gradient was qualitatively assessed by fluorescence microscopy analysis and quantified by surface plasmon resonance (SPR) in order to establish a quantitative relationship between SAV surface densities and the surface location. The usefulness of the fabrication method described for biological applications was tested by immobilizing biotinylated bradykinin onto the SAV gradient. This proof-of-concept application shows the effectiveness of the concentration range of the gradient because the effects of bradykinin on cell morphology were observed to increase gradually with increasing drug concentrations. The intrinsic characteristics of the fabricated gradient platform (absence of physicochemical modifications other than those due to the biomolecules included) allow us to attribute cell behavior unequivocally to the biomolecule surface density changes.